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Abstract 
We paid attention to one of the cognitive biases, that is, the outcome bias. We explored the evidence of outcome bias in a two-
player economic game experiment where reward allocation is made between two players. The outcome bias occurred even when 
the intention of Player 1 was fair or generous. Thus, we could verify the hypothesis that we are readily led into the outcome bias. 
The comparative results between the two conditions (intentional and no-intentional conditions) definitely showed that Player 2 
punished Player 1 to a larger extent when the outcome was disadvantageous for Player 2 (selfish outcome) irrespective of 
whether the die was chosen out of three types intentionally or not. 
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1. Introduction 
Recently, a lot of accidents which stem from violating safety rule frequently occur. These accidents include 
crucial accidents such as unintended crucial accidents like critical mass accident at JCO Tokai Works Test Facility 
uranium processing plant. In spite of increasing opportunities of accessing accident data base on the basis of the 
detailed accidental analysis, similar crucial accidents repeatedly occur. We generally tend to make a thing of not the 
process but the outcome in decision making. Such a cognitive property hinders the proper safety management, 
because the process inducing an accident is ignored as long as we attain proper outcomes on the surface.  
Baron and Hershey [1] explored outcome bias in evaluation of decision making on either medical matters or 
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monetary gambles. In medical matters, the participants rated the decision maker as more competent when the 
outcome was more favorable than when it was unfavorable. In monetary gambles, the participants tended to rate the 
thinking of player as better when the outcome not chosen turned out to be inferior than when it turned out to be 
superior. In spite of being instructed not to pay emphasis on outcomes in the evaluation of decision making, the 
participants tended to evaluate the decision making on the basis of outcome. Thus, it was proven that outcome plays 
a direct and major role when evaluating the quality or right and wrong of decision making. 
In behavioral economics, the following game is frequently used in order to explore the role of intention and 
intention in moral (ethical) judgment [2]-[4]: One player make an allocation of money and another player rewards or 
punishes him or her by adding or subtracting money depending on the allocation. However, in such a game, it is 
impossible to know whether the response to an allocation is based on the actual allocation, the intended allocation, 
or an interaction between these two factors.  
To cope with such a problem, Cushman, Dreber, Wang, and Costa [5] examined how we respond to others’ 
accidental behavior. More concretely, they investigated the balance of outcomes and intentions in a two-player 
economic game where the intentions and outcomes in monetary allocations were sometimes mismatched. Player 1 
allocated $10 between oneself and Player 2 by rolling one of three types of dice (The first die has a high probability 
of a selfish outcome, the second die has a high probability of a fair outcome, and the third die has a high probability 
of generous outcome). Player 2 can infer Player 1’s intention on the basis of the choice of Player 1. Any of the three 
dice can yield any of the possible outcomes (selfish, fair, and generous outcomes for Player 2). Consequently, 
Cushman et al. [5] found that Player 2’s response were affected not by the intention of Player 1 but by the accidental 
outcome of Player 1’s roll of the die. This corresponds to one of the cognitive biases, that is, the outcome bias. The 
outcome bias represents our cognitive characteristics that our behavior is substantially distorted not by intention but 
by outcome.  
However, the method and technique for quantifying and measuring the amount of outcome bias has not been 
established in Cushman et al. [5]. In Cushman et al. [5], the experiment was conducted under the condition where 
Player 1 can free to select one of the three types of dice. In order to measure the amount of outcome bias, we judged 
that a similar experiment should be carried out under the condition where the type of dice cannot be selected 
intentionally. The difference of punishment or reward between the two conditions must be taken into account so that 
we can get insight into the outcome bias. Adding such an experimental condition, we conducted an experiment to 
quantify the outcome bias.  
In this study, we paid attention to one of the cognitive biases, that is, the outcome bias. We explored the evidence 
of outcome bias in a two-player economic game experiment where reward allocation is made between two players. 
2. Method 
2.1. Participants 
Twenty one undergraduate or graduate students (eleven male and ten female) aged from 20 to 23 years old took 
part in the experiment. All had no knowledge or skill in psychology or behavioral economics. All agreed with the 
participation in the experiment after receiving a brief explanation of the aim and the contents of the experiment. 
2.2. Task 
Player 1 allocates $10 between himself or herself and Player 2 by rolling one of the following three types of dice 
(see Fig.1).  
 
x Die A (selfish intention): Player 1 receives $10 by rolling a 1, 2, 3, or 4; If Player 1 rolls a 5, the reward is 
divided evenly ($5/$5); If Player 1 rolls a 6, Player receives $10.  
x Die B (fair intention): Rolling a 1 provides Player 1 with $10; Rolling a 6 provide Player 2 with $10; If Player 1 
rolls a 2, 3, 4, or 5, the reward is divided evenly ($5/$5). 
x Die C (generous intention): Player 1 receives $10 by rolling a 1; If Player 1 rolls a2, the reward is divided evenly 
($5/$5); If Player 1 rolls a 3, 4, 5, or 6, Player 2 receives $10. 
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2.3. Design and procedure 
The game was carried out both when the type of die can be chosen with own intention and when the type of die 
cannot be chosen intentionally. The experimental factors were whether the die type was selected intentionally, and 
the type of outcome (selfish outcome (Player 1; $10), fair outcome ($5 for each), and generous outcome (Player 2; 
$10)). All factors were within-subject factors.  
The experimental procedure was simulated on a PC. It must be noted that the participants only played the role of 
Player 2. The computer agent acted the role of Player 1. 
Player 2 was permitted to assign punishment or reward to Player 1 according to the outcome, whether the die 
type was intentionally chosen or not, and the interaction of both factors. Player 2 was given the opportunity to 
respond to Player1’s outcome by increasing or decreasing Player1’s payoff by any amount up to $10.  
In this experimental paradigm, Player2’s attempt to reward or punish Player1 was limited to 1/10 of all trials (200 
trials). Only the data of 1/10 of all trials were selected randomly by the experimenter. In such a way, Player1 was 
able to get away with selfish allocation (choice) without fear of punishment in case of the type of die was chosen 
with own intention. 
 
 
Player1: +$10
Player1: +$10 Player1: +$10
Player2: +$10 Player2: +$10
Player2: +$10
Player1: +$5
Player2: +$5
Player1: +$5
Player2: +$5
Player1: +$5
Player2: +$5
Die A:
Selfish intention
Die B:
Fair intention
Die C:
Generous intention
 
Fig. 1. Explanation of Dice A-C used in the experiment. 
3. Results 
When the die could be chosen intentionally (see Fig.2), it tended that Player 2 punished Player 1 for the selfish 
outcome irrespective of the type of dice (selfish die, fair die, or generous die). Even when the die could not be 
chosen intentionally (see Fig.3), a similar result was obtained. These results mean that Player 2 is affected not by the 
intention but by the outcome of rolling a die. In other words, independently of whether the die could be chosen 
intentionally or not, Player 2 punished the selfish outcome.  
For both cases when the die could be chosen intentionally and when it could not be chosen intentionally, Player 2 
tended to reward the generous outcome for three types of intentions (selfish, fair, or generous die choice by Player 
1). This also indicated that Player 2 pays emphasis not on the Player 1’s intention but on the outcome of Player 1’s 
rolling of a die.  
As for the fair outcome, the situation of punishment/reward by Player 2 (participants in this study) differed 
between when the die could be chosen intentionally and when it could not be chosen intentionally (see Figs. 2 and 
3). When the die could be chosen intentionally, Player 2 tended to punish Player 1 irrespective of the intention of 
Player 1 (selfish, fair, or generous intention). When the die could not be chosen intentionally, it tended that Player 2 
provided Player 1 with a reward.  
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A two-way (outcome by chosen type of die) ANOVA (Analysis of Variance) conducted on the punishment/ 
reward revealed a significant main effect of outcome (F(2,369)=28.609, p<0.01) and chosen type of die (F(2,369)= 
3.619, p<0.05) for the intentional choice condition. No significant interaction between the two factors was detected. 
For the non-intentional condition, as a result of a similar two-way ANOVA conducted on the punishment/reward, 
only a significant main effect of outcome (F(2,369)=34.286, p<0.01) was detected.   
A three-way (outcome by chosen type of die by intention) ANOVA conducted on the punishment/reward 
revealed significant main effects of outcome (F(2,369)=48.259, p<0.01) and intention (F(1,369)=4.143, p<0.05). A 
significant chosen type of die by intention (F(2,369)=6.103, p<0.05) was detected, which indicates the different 
punishment/reward situation between the intentional and the non-intentional conditions. 
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Fig. 2. Punishment/reward as a function of type of chosen die and outcome of rolling dice (Dice A-C was intentionally chosen by each 
participant). 
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Fig. 3. Punishment/reward as a function of type of chosen die and outcome of rolling dice (Dice A-C was not intentionally chosen by each 
participant. The type of die was automatically determined by the experimenter (program)). 
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4. Discussion 
As shown in Figure 2, Player 2 punished Player 1 for the selfish outcome irrespective of the type of dice (selfish 
die, fair die, or generous die) when the die could be chosen intentionally. A similar tendency was observed even 
when the die could not be chosen intentionally by Player 1 (see Fig.3). 
Different characteristics were observed for the fair outcome in both the intentional (Fig.2) and non-intentional 
(Fig.3) conditions. When the die could be chosen intentionally, Player 2 tended to provide Player 1 with more 
rewards for the generous intention. When the die could not be chosen intentionally, Player 2 tended to provide 
Player 1 with more rewards not for the generous die but for the selfish and the fair dice. Player 2 tended to punish 
Player 1 for the fair outcome when the die could be chosen intentionally by Player 1, while Player 2 tended to 
reward Player 1 for the fair outcome when the die could not be chosen intentionally by Player 1.  
The tendency above can be further verified by the significant interaction between the chosen type of die and the 
intention (intentionally chosen and non-intentionally chosen conditions). For both the intentional and the non-
intentional conditions, the results demonstrate that the outcome bias occurs even when the chosen die of Player 1 
was fair or generous one. Thus, we could verify the hypothesis that we readily lead to the outcome bias irrespective 
of whether the die can be chosen intentionally or non-intentionally.  
Fishhoff [6] empirically showed that a hindsight bias exists in our estimation of occurrence probability of some 
event. In his experiment, the participants were given scenarios and required to estimate occurrence probabilities for 
different outcomes. When the outcome was told in advance, it tended that the occurrence probability tended to be 
estimated high due to a hindsight bias. The hindsight bias seems to lead to biased evaluations of decision quality. 
Although this bias is similar to the outcome bias in this study, it is different from the outcome bias in that the 
outcome was not evaluated by controlling the intent (selfish, fair, and generous) and the outcome (selfish, fair, and 
generous) like this study but by using the estimation of occurrence probabilities. The hindsight bias might be 
included in the outcome bias, and distort our evaluation of decision (punishment/ reward), together with the outcome 
bias, to the irrational evaluation that ignores the intention and pay emphasis on only the outcome.  
Zakay [7] showed that managers counted good or excellent outcomes as one of the criteria for evaluating 
decisions made by other managers due to the outcome bias.  Mitchell and Kalb [8] showed how the knowledge on 
outcome affected both responsibility for outcome and probability of outcome. The participants were required to read 
descriptions of poor performance by nurses that resulted in poor performance. The knowledge on outcome was 
found to affect both responsibility for outcome and probability of outcome. In this way, it seems certain that the 
outcome bias is ubiquitous in our daily activities.  
In Cushman et al. [5], it was empirically demonstrated, using only the condition where the dice were selected 
intentionally by the participant, that Player 2 tended to punish Player1 more when the outcome was selfish one 
irrespective of the intention of Player1 (intentional choice of Die A-C). To demonstrate the outcome bias more 
systematically, the data under this condition must be compared with the data where the die was not intentionally 
chosen by Player1. It is not until such comparison was carried out that the outcome bias can be systematically and 
accurately identified. The comparative results between the two conditions (intentional and no-intentional conditions) 
above definitely shows that Player 2 punished Player 1 to a larger extent when the outcome was disadvantageous for 
Player 2 (selfish outcome) irrespective of whether the die was chosen out of three types intentionally or not (see Figs. 
2 and 3).    
The outcome bias means that we tend to take a serious view of not the process or the intention of actors but the 
outcome itself. The results suggest that we should not fall into the trap of outcome bias especially when we engage 
in the safety management activities, and must take a serious view of not the outcome but the process. More 
concretely, we should be very careful so that we should have priority on the process of action or the intention of 
actors so that we should not be keen on the outcome itself. Future research should explore how the hindsight bias 
and the outcome bias are linked with each other. 
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